Shp2 negatively regulates growth in cardiomyocytes by controlling focal adhesion kinase/Src and mTOR pathways.
The aim of this study was to investigate whether Shp2 (Src homology region 2, phosphatase 2) controls focal adhesion kinase (FAK) activity and its trophic actions in cardiomyocytes. We show that low phosphorylation levels of FAK in nonstretched neonatal rat ventricular myocytes (NRVMs) coincided with a relatively high basal association of FAK with Shp2 and Shp2 phosphatase activity. Cyclic stretch (15% above initial length) enhanced FAK phosphorylation at Tyr397 and reduced FAK/Shp2 association and phosphatase activity in anti-Shp2 precipitates. Recombinant Shp2 C-terminal protein tyrosine phosphatase domain (Shp2-PTP) interacted with nonphosphorylated recombinant FAK and dephosphorylated FAK immunoprecipitated from NRVMs. Depletion of Shp2 by specific small interfering RNA increased the phosphorylation of FAK Tyr397, Src Tyr418, AKT Ser473, TSC2 Thr1462, and S6 kinase Thr389 and induced hypertrophy of nonstretched NRVMs. Inhibition of FAK/Src activity by PP2 {4-amino-5-(4-chlorophenyl)-7-(t-butyl)pyrazolo[3,4-d]pyrimidine} abolished the phosphorylation of AKT, TSC2, and S6 kinase, as well as the hypertrophy of NRVMs induced by Shp2 depletion. Inhibition of mTOR (mammalian target of rapamycin) with rapamycin blunted the hypertrophy in NRVMs depleted of Shp2. NRVMs treated with PP2 or depleted of FAK by specific small interfering RNA were defective in FAK, Src, extracellular signal-regulated kinase, AKT, TSC2, and S6 kinase phosphorylation, as well as in the hypertrophic response to prolonged stretch. The stretch-induced hypertrophy of NRVMs was also prevented by rapamycin. These findings demonstrate that basal Shp2 tyrosine phosphatase activity controls the size of cardiomyocytes by downregulating a pathway that involves FAK/Src and mTOR signaling pathways.